The growth-promoting role of applied gibberellin has been demonstrated on the responses, such as cell division, elongation, fruiting, flowering and seed germination. Various aspects of these problems were summarized in recent reviews by Brianl), and Stowe and Yamaki2' $ ). Stimulation of seed germination by gibberellin was investigated recently. It has been known that the light requirement of certain seeds such as lettuce and tobacco was eliminated by the application of gibberellin4, 5). Lonas) pointed out, however, that gibberellin would not be expected to act on germination in the same way as red light. Bunsow and von Bredow7) and Poljakoff-Mayber et al.8) also suggested that the process of germination caused by gibberellin might not be the same as that caused by light.
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In the meantime, the separation of the whole process of the germination into several physiological phases has been carried out by Isikawa9) and Isikawa and Fujiilo) . It was also shown by Toole et al." ) that three distinct stages were remarkable in the processes of seed germination, namely (a) imbibition of water, (b) cell elongation, and (c) increase in cell number.
The present paper is concerned with the effects of applied gibberellin on the germination processes of Sedum seed.
Material and Methods
The studies were performed on the light sensitive seed of Sedum kamtschaticum Fisch., a collected by Mr. Y. Yokohama in October 1959, at Mt. Nyugasa, Nagano Prefecture.
The gibberellin used was kindly given to the authors by Dr. Y. Murakami of the National Institute of Agricultural Sciences.
Gibberellin, in the amount necessary to produce the desired concentration in the medium, was added to the autoclaved agar medium just before its solidification. 0.7-0.8% agar-medium in which gibberellin was dissolved in various concentrations was poured into Petri dishes of 6.5 cm. in diameter.
On the solidified surface, a filter paper wet with gibberellin solution in the corresponding concentration was placed directly, and 100 seeds were disseminated into each Petri dish. Next, each dish was wrapped in thick black paper, and placed in an incubator. The black cover was removed only when the irradiations were given on the seeds.
In the case of short exposures of germinating seed to gibberellin, the following treatments were carried out under the presence of blue light (fluorescent light filtered through four layers of dark blue cellophane). The seeds pre-soaked with water were removed from the agar-bed together with the filter paper under them and were placed still on the soaked filter paper between four sheets of dried filter paper to remove the humidity surrounding the seeds, and they were disseminated into Petri * Botanical Institute , Faculty of Science, Tokyo University of Education, Otsuka, Tokyo, Japan.
dishes containing the indicated concentration of gibberellin. And then Petri dishes were covered with black paper and returned to the incubator.
After various durations of exposure to gibberellin, the gibberellin was washed off from the seeds with running water for 10 minutes.
Thus, they were then allowed to germinate on the filter paper wet with water, placed on plain agar-bed.
The light treatments were similar to those described for Nigella seeds9). Red irradiation was obtained from the standard cool white . fluorescent lamp through a filter of two layers of red cellophane, and far-red was separated from the incandescent lamp through a filter of two layers of red and two layers of dark-blue cellophane. A definite intensity of irradiation was obtained by regulation of the distance from the light source to the irradiated Petri dish and examined by a photometer. Temperature was controlled at 23° except when it was changed specially under the experimental necessity.
Results and Discussion
Preliminary experiments concerning the effects of gibberellin on germination indicated that the seeds of Sedum kamtschaticum Fisch. were induced to germinate by the application of gibberellin in continuous darkness and in constant temperature.
Dose-response experiments were set up first with gibberellin levels varying from 0.0025 to 200 ppm.
As indicated in Fig. 1 , the stimulative effect of gibberellin on the germination of Sedum seeds in their germination percentages was the strongest at 25 ppm., but it was not observed at 100 ppm. in gibberellin concentration.
The germinated seeds treated with gibberellin in concentration of 25 ppm. were, however, eradicated as a result of the inhibited growth of their radicles after germination.
Similar results were obtained to some other speciesl2-14).
It is interesting, however, that the short period applications of gibberellin in a fairly high concentration were remarkably effective in promoting germination. Namely, each lot of seeds presoaked for various times with 100 ppm. gibberellin in the dark, was transferred to a new plain agar bed respectively. In this experiment, the effectiveness of gibberellin treatment at 100 ppm. increased rapidly with the lenghthening of exposure during the first 18 hrs. after the start of imbibition.
The germination percentage in an 18 hr. -exposure gave a maximum value (92%), and then it gradually decreased with the increase of exposure time. The complete loss of the promoting effect of 100 ppm. gibberellin was observed in case of continuous exposure longer than 60 hrs. from the start of imbibition (Fig. 2) .
In the next experiments to observe the interrelations between the exposure time and the concentrations of gibberellin, seeds were exposed to gibberellin at various concentrations for various lengths of time at 3 hrs. after the beginning of imbibition.
The effectiveness of gibberellin exposure increased at first, and then it gradually decreased as the exposure time was prolonged (Fig. 3) . The maximum percentages of germination induced by the treatment of 200, 500 and 100 ppm. gibberellin were obtained with the exposures having the length of 24, 3 and 1 hr., respectively (Fig. 3) . These experimental results suggested that the short application of gibberellin at high concentrations was effective to promote the preceding stage (germination-inductive stage) in the course of germination response, and inhibitive to the succeeding stage (maybe in elongation).
In order to prove these suppositions on the actions of gibberellin for the germination of Sedum seeds, the following experiments were performed.
Several lots of Sedum seeds pre-soaked with water were respectively exposed for 24 or 6 hrs. to gibberellin of 100 ppm. in concentration, at various imbibition time. In the case of 24 hr. -exposure, a maximum value (more than 90%) of germination percentages was maintained during the first 36 hr. from the start of imbibition, and However, the highest percentage of germination for this application was about 400 (Fig. 4) . These sensitivity-curves to short application of 100 ppm. gibberellin were parallel to the effectiveness of red irradiation for the induction of germination.
In Sedum seeds, a continuous irradiation of 1,500 lux for more than 24 hrs. was required to give a maximum percentage at 3 hrs. after the beginning of imbibition.
But this maximum value was maintained during the first 24 hrs. from the start of imbibition, and then it gradually decreased with the lapse of imbibition time (Fig. 5) . These results indicated that gibberellin of fairly high concentrations could substitute red light to the induction of germination of Sedum seeds.
While, it was shown with light sensitive seeds that a succession of several alternate red and far-red irradiations resulted in a promotion of germination when the alternation ended with a red irradiation and resulted in an inhibition when the irradiation treatment terminated with an exposure to far-red irradiation. The light action on the germination of Sedum seeds was also repeatedly reversible (Table 1) . After 3 hrs. passed since imbibition had begun, ten lots of Sedum seeds were irradiated for 1 hr. with red of 1,500 lux and one lot was returned to darkness.
The remaining 9 lots were immediately irradiated for 1 hr. with far-red of 1,500 lux on the surface of Petri dishes and again one lot was returned to the dark. The 8 remaining lots then received another 1 hr, red irradiation and one lot was returned to the dark, and so on until all lots had been returned to darkness ( Table 1 ). The chemical promotion of gibberellin, however, was not reversed by far-red irradiation (Fig. 6 ). These results suggested that gibberellin did not specially act on the light receptor , but rather as a general germination stimulator, as suggested by Hayashil'), Bunsow and von Bredow7) and Poljakoff-Mayber et al.$).
On the other hand, to give a convincing proof of the inhibitive effects of 100 ppm. gibberellin application to the succeeding stage in the course of germination response, the combined treatments of the red irradiation (1,500 lux, for 18 hrs.) and a short application (24 hrs.) of gibberellin were performed at 23°. Namely, each lot of seeds irradiated by the red light for 18 hrs. from 3 hrs. after the beginning of imbibition, was exposed to 100 ppm. gibberellin, by varying the lengths of the interval between the light and gibberellin-treatment.
The results were shown in Table 2 . The red irradiation for 18 hrs. gave 76.5% germination, unless short applications of gibberellin were made. The inhibitive effect, however, occurred when gibberellin treatments were carried out after the red irradiation, and increased as the interval was prolonged.
From these experimental results, it was suggested that high concentrations of gibberellin were unfavorable to the development following the germination-inductive stage. It is an important feature that the separation of the whole process of the germination into these two physiological stages by the actions of gibberellin could provide a new technique for the researches on germination.
Next, to observe the effects of gibberellin on the development following the germination-inductive stage, the intact radicles (about 1 mm.) induced to germinate under the light were used as a substitution, and displaced into Petri dishes containing the indicated concentrations of gibberellin. Some of them were placed for 6 days under the light and the others, in darkness and then they were measured their lengths.
These results indicated that 0.25 ppm. concentration under the light, and 0.0025 ppm. in darkness were favorable for their elongation (Fig. 7) . In a number of species whose seed germination was not inhibited by gibberellin even of a fairly high concentration, it was conceivable that the development following the germinationn inductive stage of these species were not sensitive to gibberellin inhibition. 2. A continuous contact to gibberellin at a concentration of 100 ppm. is completely inhibitory to the germination of Sedum seeds. It is noteworthy, however, that a short application of a fairly high concentration of gibberellin is remarkably effective to promote the preceding stage (germination-inductive stage) in the course of germination on response, and is inhibitive to the development following the germination-inductive stage. In the Sedum seeds, high concentration of gibberellin is favorable for the induction of germination, and low concentration is favorable for their development.
3. Gibberellin-sensitivity to short application of high concentration is parallel to red light sensitivity curve.
These results indicate that gibberellin can be substituted for red light in promoting Sedum germination.
The fact that this chemical promotion with gibberellin is not reversed by far-red irradiation, however, suggests that the process caused by gibberellin may probably not be the same as that caused by red light.
